Women generally have a higher percentage of body fat than men. Also, women store more fat in the gluteal-femoral region, whereas men store more fat in the visceral (abdominal) depot. This review focuses on differences in regional fatty acid storage, mobilization and oxidation that may contribute to gender-related differences in body fat distribution. There are pronounced regional differences in the regulation of regional fatty acid metabolism between men and women. Firstly, there is evidence that in vivo, catecholamine mediated leg free fatty acid release is lower in women than in men, whereas free fatty acid release from the upper body depots is comparable. These data correspond to in-vitro adipose tissue biopsy data, which indicate a more pronounced difference in catecholamine mediated lipolysis between upper body and lower body fat depots in women than in men. Secondly, free fatty acid release by the upper body subcutaneous fat depots is higher in men than in women, indicating a higher resistance to the antilipolytic effect of meal ingestion in the upper body fat depots in men. Thirdly, there are indications that basal fat oxidation (adjusted for fat free mass) is lower in females as compared to males, thereby contributing to a higher fat storage in women. Finally, postprandial fat storage may be higher in subcutaneous adipose tissue in women than in men, whereas storage in visceral adipose tissue has been hypothesized to be higher in men. All the above differences may play a role in the variation in net regional fat storage between men and women, but the number of in-vivo studies on gender-related differences in fatty acid metabolism is very limited and most findings require confirmation. Furthermore, there is abundant evidence that the proportion of energy derived from fat during exercise is higher in women than in men. With respect to total body fat, this finding seems counterintuitive, as percentage body fat is increased in women. Further studies are necessary to investigate the significance of differences in exercise-induced fat oxidation on 24-h fat balance.
Introduction
It is a well-known observation that women generally have a higher amount of body fat than men. Additionally, women have a higher proportion of body fat in the gluteal-femoral region, whereas men have more body fat in the abdominal (visceral) region [1] . For this reason, upper body obesity and lower body obesity are referred to as android and gynoid obesity.
The mechanisms responsible for the dramatic difference in body fat distribution between nonobese men and women are of special interest as the android male type fat pattern, if maintained as obesity develops, is associated with adverse health consequences like insulin resistance, type 2 diabetes mellitus and cardiovascular complications [2] . The mechanisms for the gender-related differences in body fat distribution, as well as the interaction between gender and fat distribution with respect to metabolic risk, are largely unknown. This review will focus on the role of differences in regional fatty acid storage, mobilization, and oxidation between men and women in the gender based differences in body fat distribution.
Basal lipolysis
In adipose tissue biopsy studies, it was shown that basal lipolysis correlated well with adipocyte volume, with larger adipocytes having a higher lipolytic activity [3, 4] . Gender differences in adipocyte size were reported, with women having larger gluteal adipocytes [3, 4] and men having larger visceral adipocytes [5] . A higher basal lipolysis in adipocytes was recorded from these depots. Men and women with comparable adipocyte size in lower body and abdominal subcutaneous adipose tissue showed an equal basal lipolysis in all depots [6] . However, abdominal subcutaneous adipocytes have a higher lipolytic rate than visceral adipocytes of equal size [7] . Although a lot of valuable information is obtained from adipose tissue biopsy studies, the interpretation of these studies is hampered by the absence of the hormonal environment and by the local adipocyte production of adenosine, an antilipolytic compound.
Jensen and colleagues [8] have used the combination of isotope dilution, arterio-venous balance techniques and techniques to characterize regional fat depots to determine regional free fatty acid (FFA) release in relation to fat mass in vivo. Adipose tissue FFA release from upper body fat was higher than from lower body fat both in nonobese men and women. Also, the fractional contribution of regional FFA¯ux to systemic FFA¯ux was similar in men and women. These in vivo data suggest that regional differences in postabsorptive lipolysis (FFA release) do not signi®cantly contribute to gender-related differences in body fat distribution.
Basal fatty acid oxidation
Several studies have suggested that resting fat oxidation (adjusted for differences in fat free mass) is lower in women than in men [9, 10] , although data are not consistent [11,12 . ]. Levadoux et al. [12 . ] found that resting and 24-h fat oxidation were reduced in both younger and older women as compared with men (total n=40), but that this difference could be fully accounted for by differences in fat free mass and energy balance. In a larger group of subjects (n=427 men and n=293 women), Nagy and coworkers [9] showed that fat oxidation was lower in women than in men, after adjusting for differences in peak VO 2 , fat free mass and free T 4 . Thus, although this analysis has to be con®rmed, the latter data do suggest that a lower basal fat oxidation may contribute to the increased fat storage in women as compared with men.
Catecholamine stimulated lipolysis
Catecholamines may stimulate lipolysis through the b 1 , b 2 , and b 3 adrenoceptors and may inhibit lipolysis through the a 2 adrenoceptors. It has been shown that abdominal subcutaneous adipocytes are more sensitive to b-adrenergic stimulation than gluteal adipose tissue in both men and women [3] . Differences in in-vitro catecholamine induced lipolysis between abdominal and gluteal adipocytes may be more pronounced in women than in men, with women having a greater number of a 2 adrenoceptors in the gluteal region [13] or a decreased a 2 -adrenergic antilipolytic sensitivity in the abdominal region [3] . These in-vitro ®ndings are in accordance with in-vivo results determining regional FFA release in young nonobese men and women [14] . In the latter study, leg FFA release doubled during intravenous epinephrine infusion in men and did not change in women, indicating a blunted epinephrine mediated lipolysis in the lower body depots in women. Additionally, FFA release from the upper body depots increased in both men and women. Thus, the more pronounced difference in catecholamine mediated lipolytic activity between the abdominal and lower body depots in women may be one of the potential molecular mechanisms contributing to the regional differences in fat distribution between men and women. In contrast, a recent microdialysis study showed no major differences in catecholamine mediated glycerol and local blood¯ow response in the femoral and abdominal adipose tissue and no effect of gender on these responses [15] . The interpretation of the latter study is hampered due to the fact that no quantitative measure of blood¯ow was used, making it impossible to calculate glycerol release from the different fat depots. Nervertheless, further in-vivo studies are necessary to draw a more de®nite conclusion on the gender differences in regional catecholamine mediated lipolysis.
Postprandial lipolysis
On the basis of in-vitro adipocyte biopsy studies, Arner [16] suggested that regional differences in the suppression of lipolysis are present in lean, but not in obese, individuals and that this may contribute to regional fat distribution. In-vivo studies showed that after meal ingestion, the systemic rate of appearance of fatty acids was more suppressed in women than in men [17] . Additionally, FFA release by upper body subcutaneous tissue was signi®cantly higher in men than in women, indicating a higher resistance to the antilipolytic effect of meal ingestion in the upper body depots in male subjects. These data indicate that regional differences in the antilipolytic effect of insulin on men and women could contribute to differences in regional net lipid storage.
Postprandial fatty acid storage
An in-vivo study, using a meal fatty acid tracer and adipose tissue biopsies, showed that in the postprandial state a higher proportion of fatty acids was stored in the abdominal subcutaneous than in thigh adipose tissue, both in men and women [18 . . ]. Interestingly, a greater proportion of dietary fat was stored in the upper body and lower body subcutaneous fat depots in women than men. It was hypothesized that in men more fatty acids may be taken up by the visceral adipose tissue depots. Indeed, in a previous study of the same group, it was shown that splanchnic uptake of triglyceride fatty acids was greater in men than in women [19] . Further studies are necessary to investigate the mechanism for the increased storage of FFA in subcutaneous fat in women (i.e. differences in lipoprotein lipase actvity). Thus, differences in fatty acid deposition between men and women may play a role in the gender-related differences in body fat distribution.
Lipolysis during exercise
Stable isotope studies showed that females had a higher rate of appearance of glycerol during submaximal exercise as compared to men when cycling at 60% of their VO 2 peak [20 . . ]. Other studies showed that the rate of appearance of FFA [10,21 . . ] and the leg FFA release [21 . . ] during a submaximal exercise bout were not different between men and women. Unfortunately, in the latter studies the rate of appearance of glycerol was not measured.
Sympathetic activity (as indicated by circulating epinephrine and norepinephrine concentrations) is higher during exercise in men than in women [11, 22] . Assuming a higher lipolytic response in women during exercise, these ®ndings indicate that b-adrenergic sensitivity for lipolysis must be increased, or a-mediated antilipolysis must be decreased, in women. Support for this comes from in-situ microdialysis studies showing an elevated badrenergically mediated lipolysis [23] or a reduced a 2mediated antilipolysis [24] in abdominal subcutaneous tissue in women as compared with men.
Exercise-induced fatty acid oxidation
Most studies have shown a lower respiratory exchange ratio, or higher fat oxidation (adjusted for energy expenditure), during submaximal exercise in women than in men [10,11,20 . . ]. Also, a lower skeletal muscle glucose uptake [20 . . ] and attenuated muscle glycogen utilization [25] have been reported during exercise in women. One factor which may be involved in the variation in fat oxidation during exercise may be the differences in FFA availability. Indeed, as indicated above it has been shown that lipolysis ( the rate of appearance of glycerol) may be higher in women than men during exercise [20], although several studies found no differences in the rate of appearance of FFA [10, 21] . Besides differences in lipolysis, other factors which may contribute to differences in fat oxidation include differences in hormone action, differences in the capacity to transport or oxidize available FFA to the site of oxidation or a combination of factors.
As indicated above, several studies have shown that circulating concentrations of norepinephrine and epinephrine are higher in men than women during exercise [11, 22] . Epinephrine may stimulate muscle glycogenolysis [26] , which could have led to a greater glycogen utilization in men. Furthermore, it may be that the capacity for carbohydrate oxidation is higher in men than women. This is supported by studies showing that the ratio of phosphofructokinase to 3-hydroxyacylCoA dehydrogenase was higher in the muscle of male patients (indicating a higher glycolytic/fat oxidation potential) than female patients [27] .
In addition, a recent study with men and women, matched for lifestyle habits and insulin sensitivity, found a higher content of intramuscular triglycerides in women [28 . ]. This ®nding opens up the possibility that a higher intramuscular triglyceride oxidation may contribute to the increased fat oxidation of women during exercise, as suggested before [25] . Interestingly, a recent study showed a higher mRNA expression of the membrane bound fatty acid transport protein in women's skeletal muscle than men's skeletal muscle [29 . ]. From this, it can be speculated that an increased fatty acid transport capacity may contribute to an increased fatty acid storage in skeletal muscle during the fasting or postprandial state in female subjects. At present, there are no data to support this presumption.
Conclusion
There are distinct differences in fatty acid mobilization, oxidation and storage between male and female subjects. Differences in basal fatty acid oxidation, in regional differences in the regulation of lipolysis (by catecholamines and insulin), and in postprandial fatty acid storage (Table 1 ) may all contribute to gender-related differences in regional fat distribution. However, there is still a lot of research to perform since the number of studies is very limited and most ®ndings require con®rmation. More consistent seems to be the ®nding that the proportion of energy derived from fat is increased during exercise in women as compared with men. With respect to the total body fat, it seems couterintuitive that women oxidize more lipid than men during exercise, since women have a higher percentage body fat than men. It has recently been shown that 24-h fat oxidation, as determined in the respiration chamber, was not different between men and women after adjustment for differences in energy expenditure and energy balance [12] , indicating that the increased fat oxidation during exercise in women must be relatively small on a 24 h basis. Indeed, the magnitude of gender based difference in fat oxidation during exercise has been reported to be relatively small (at 40% of VO 2 max) [11] . This contribution may, however, increase with increasing exercise intensity (60±85% of VO 2 max) [20, 25] . Thus, the signi®cance of the differences in exercise-induced fat oxidation for 24-h fat balance warrants further study.
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